Objective: This study investigated the effect of interval training on blood biochemistry and immune parameters in type 1 diabetic rats. Materials and methods: Male Wistar rats were divided into four groups: sedentary (SE, n = 15), interval training (IT, n = 17), diabetic sedentary (DSE, n = 17), diabetic interval training (DIT, n = 17). Diabetes was induced by i.v. injection of streptozotocin (60 mg/kg). Swimming Interval Training consisted of 30-s exercise with 30-s rest, for 30 minutes, during 6 weeks, four times a week, with an overload of 15% of body mass. Plasma glucose, lactate, triacylglycerol and total cholesterol concentrations, phagocytic capacity, cationic vesicle content, and superoxide anion and hydrogen peroxide production by blood neutrophils and peritoneal macrophages were evaluated. Proliferation of mesenteric lymphocytes was also estimated. Results: Interval training resulted in attenuation of the resting hyperglycemic state and decreased blood lipids in the DIT group. Diabetes increased the functionality of blood neutrophils and peritoneal macrophages in the DSE group. Interval training increased all functionality parameters of peritoneal macrophages in the IT group. Interval training also led to a twofold increase in the proliferation of mesenteric lymphocytes after 6 weeks of exercise in the DIT group. Conclusion: Low-volume high-intensity physical exercise attenuates hyperglycemia and dislipidemia induced by type 1 diabetes, and induces changes in the functionality of innate and acquired immunity. Arq Bras Endocrinol Metab. 2013;57(8):594-602 Keywords Interval training; diabetes mellitus; immune system; hyperglycemia RESUMO Objetivo: Este estudo investigou os efeitos do treinamento intervalado sobre parâmetros bioquí-micos e imunológicos em ratos diabéticos do tipo 1. Materiais e métodos: Ratos Wistar machos foram divididos em quatro grupos: sedentário (SE, n = 15), treinamento intervalado (TI, n = 17), sedentário diabético (SED, n = 17) e treinamento intervalado diabético (TID, n = 17). O diabetes foi induzido por uma injeção intravenosa de estreptozotocina (60 mg/kg). O treinamento intervalado de natação consistiu de 30s de exercício com 30s de recuperação, 30 minutos, durante 6 semanas, 4 vezes por semana, com sobrecarga de 15% da massa corporal. Foram avaliados glicemia, lactato sanguíneo, concentração de triacilglicerol e colesterol total, capacidade fagocítica, conteúdo de vesí-culas catiô nicas, produção de ânion superóxido e peróxido de hidrogênio por neutrófilos sanguíneos e macrófagos peritoneais. A proliferação de linfócitos mesentéricos também foi avaliada. Resultados: O treinamento intervalado resultou em atenuação do estado hiperglicêmico e diminuiu os lipídeos sanguíneos no grupo TID. O diabetes aumentou a funcionalidade dos neutrófilos sanguíneos e macrófagos peritoneais do grupo SED. O treinamento intervalado aumentou todos os parâmetros funcionais dos macrófagos peritoneais do grupo TI. O treinamento intervalado também aumentou duas vezes a proliferação dos linfócitos mesentéricos após seis semanas de exercício do grupo TID.
INTRODUCTION

D
iabetes mellitus (DM) is a group of metabolic disorders resulting from defects in insulin secretion, in insulin action or in both (1) . Type 1 DM usually appears during childhood or adolescence and corresponds to 5%-10% of the diabetic individuals (2) .
The presence of chronic hyperglycemia in individuals with type 1 DM is associated with dyslipidemia, heart diseases, macrovascular and microvascular dysfunction, and increased susceptibility to infections. Therefore, intensification of glycemic improvement of lipid profile and immune cells function in patients with type 1 DM are essential features in reducing morbidity and mortality in this kind of population (3) .
Currently, regular exercise, along with insulin therapy and meal planning, has been considered one of the three main approaches to the treatment of type 1 DM (4). The main benefits of exercise for people with type 1 DM are: improvement of insulin sensitivity and lipid profile, reduction of insulin replacement, and attenuation of autonomic and cardiovascular dysfunction (5) . Current recommendations of physical exercise for people with both types of DM are based in prescription of aerobic exercises, of moderate to vigorous intensity, or resistance exercises. Nevertheless, the adherence to the exercise program by the diabetic population is usually low by innumerous reasons, such as lack of time and motivation (6) .
Recent studies have demonstrated that low-volume high-intensity interval training is more effective than traditional aerobic training in the metabolic adaptations and physical performance of individuals (7) . Interval training could be a time-efficient strategy to achieve the same physiological benefits when compared with long duration continuous training. However, optimum dosage (intensity, duration, and recovery period) of the interval training protocol still needs to be established.
Our group and many researchers have used the DM experimental model induced by streptozotocin to investigate metabolic and immunologic alterations of DM. These animals exhibit many changes similar to those seen in humans with type 1 DM, such as hyperglycemia, dyslipidemia, and weight loss (8) . We investigate here the effect of interval training, using low-volume and highintensity exercise, on blood biochemical and immune parameters in type 1 diabetic rats. We hypothesize that this protocol will improve some negative modifications caused by the type 1 DM status.
MATERIALS AND METHODS
Animals
All procedures involving animals were approved by the Local Committee of Animal Welfare at the Federal University of Paraná. Seven-days-old male Wistar rats were kept at constant temperature (23 ± 1°C), under a 12h light/12 h dark cycle with free access to food and water. Animals were randomly divided into four groups: sedentary (SE, n = 15), interval training (IT, n = 17), diabetic sedentary (DSE, n = 17), diabetic interval training (DIT, n = 17).
Enzymes and reagents
Buffer reagents were obtained from Vetec Química Fina Ltda (Rio de Janeiro, RJ, Brazil). Streptozotocin (STZ) was purchased from Sigma Chemical Co (St Louis, MO, USA). Bioliquid line kits (Laborclin Laboratory Products Ltda., Pinhais, Paraná, Brazil) were used for the biochemical assays.
Induction of diabetes
The insulin deficiency state was induced by a single intravenous injection of freshly prepared 60 mg/kg of STZ dissolved in citrate buffer (pH 4.8), under ether anesthesia. The SE and IT groups received an equivalent volume of the buffer solution. Blood samples were obtained from the tail vein 48 hours after STZ administration. Animals with fasting blood glucose over 250 mg/dL were considered in diabetic state (9) .
Interval training protocol
The interval training protocol was based on the model proposed by Braga and cols. (10) , with minor modifications. The training was carried out in a swimming pool apparatus with temperature maintained between 30 and 32°C. The apparatus was composed by two tubes with a fenestrated inner tube which enabled the animal to be kept in the water and to be removed at the end of the set. Initially, the animals performed 1 week of water adaptation (Monday, Wednesday, and Friday), swimming 15 minutes continuously with an overload of 6% of their body mass fastened to them through a vest. In the second week, the IT and DIT groups performed 30-s exercise with 30-s rest during 6 weeks, four times a week, with an overload of 15% of their body mass fastened to them through a vest. Training sections were performed on Mondays, Tuesdays, Thursdays, and Arq Bras Endocrinol Metab. 2013;57/8
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Fridays; all trained rats rested on the other days. The SE and DSE groups were submitted to the same transportation procedures and were kept in a shallow pool during the time the exercising groups were in their training. At the end of 6 weeks of training, rats from all groups were anesthetized and decapitated 72-h after the last session of exercise in order to eliminate the acute effect of exercise on metabolism. Blood was collected to obtain plasma and cells by centrifugation. Resident peritoneal macrophages and blood polymorphonuclear cells were obtained for determination of phagocytic capacity, cationic vesicle content, and superoxide anion and hydrogen peroxide production.
Biochemical parameters
Blood lactate was determined by a portable lactate analyzer (model Accusport, Boehringer Mannheim GmbH, GER) to measure the intensity of interval training (11) . The animals from IT and DIT groups were submitted to swimming exercise protocol. After 15 minutes of exercise, they were removed from the pool to collect a drop of blood from their tails for analysis. SE and DSE groups were kept in a shallow pool during the time when the other groups were in their training, and underwent the same blood lactate evaluation process, but did not exercise in the pool. Post-exercise blood lactate average in the IT and DIT groups was 10.33 ± 1.34 mmol/dL and 8.72 ± 0.15 mmol/dL, respectively, and in the SE and DSE groups was 2.67 ± 0.23 mmol/dL and 3.13 ± 0.13 mmol/dL, respectively. Plasma glucose, triacylglycerol and total cholesterol concentrations were measured using colorimetric enzymatic assays as described by Togni and cols. (12) , 72 h after the last training section and after at least 12 h fast. The results are expressed as mg/dL.
Macrophage isolation
Resident macrophages were obtained by intraperitoneal lavage with 10 mL of sterile phosphate buffered saline (PBS). Peritoneal cells were collected by centrifugation (290 g at 4°C for 5 min), washed, and resuspended in PBS or RPMI medium and counted in a Neubauer chamber by optical microscopy using a trypan blue solution (1%); viability was 96%. Peritoneal cells were characterized by flow cytometry; purity was about 50%. Macrophages were further purified by incubating peritoneal cells in tissue culture plates for 2 h and washing them three times with PBS to remove non-adherent cells (13) .
Blood polymorphonuclear cells isolation
Polymorphonuclear cells were isolated from the blood of rats. Blood (10 mL) was diluted with an equal volume of PBS at pH 7.4 containing 100 mM CaCl 2 -50 mM MgCl 2 and carefully layered on 10 mL of a commercial gradient of Ficoll-Paque Plus (density = 1,077). The tube was centrifuged at 1,200 g at 18°C for 30 min. The supernatant, rich in mononuclear cells, was discarded. The pellet was submitted to hypotonic treatment with 10 mL of solution containing 150 mM NH 4 Cl, 10 mM NaHCO 3 , and 0.1 mM EDTA to promote lysis of contaminating erythrocytes. The sample was homogenized and maintained for 10 min at 37°C to allow erythrocyte lysis, and then centrifuged at 1,200 g at 4°C for 10 min. Centrifugation was repeated twice. Polymorphonuclear cells were counted in a Neubauer chamber under optical microscope. The number of viable cells, always > 95% neutrophils, was determined by trypan blue exclusion (14) .
Phagocytic capacity
Aliquots of peritoneal macrophage or blood neutrophil suspension (0.1 mL) were added to the wells of a 96-well flat-bottomed tissue culture plate (10 5 cells/ well) and left to adhere for 60 min. Plates were washed twice with PBS to remove non-adherent cells. Then, 10 µl of neutral-red stained zymosan (1 x 10 8 particles/ mL) were added to each well. After incubation for 30 min, cells were fixed with Baker's formalin-calcium (4% formaldehyde, 2% sodium chloride, 1% calcium acetate) for 30 min. Afterwards, the cells were washed two times and centrifuged at 450 g for 5 min. The neutral--red stain was solubilized by adding 0.1 mL of acidified alcohol (10% acetic acid, 40% ethanol in distilled water) to each well. After 30 min, the absorbance of each well was read on a plate reader at 550 nm. Phagocytosis was calculated from a standard curve drawn from known amounts of stained zymosan, and the results were expressed as percentage of the control (13).
Cationic vesicle content
The uptake of the cationic dye neutral red, which concentrates mostly in cell lysosomes, was used to assess the volume of the peritoneal macrophage or blood neutrophil lysosomal system. Peritoneal macrophage or blood neutrophil suspensions (0.1 mL) were added to the wells of a 96-well flat-bottomed tissue culture plate (10 5 
Hydrogen peroxide production
Hydrogen peroxide production by peritoneal macrophages or blood neutrophils was measured as described by Pizatto and cols. (15) . This assay is based on the horseradish peroxidase (HRPO)-dependent conversion of phenol red into a colored compound by H 2 O 2 . After the 60 min of adhesion procedure and non-adherent cells washing, macrophages or neutrophils (final volume 0.1 mL) were incubated in the presence of glucose (5 mM), phenol red solution (0.56 mM), and HRPO (8.5 U/mL) in the dark for 1 h at 20°C. After this period, absorbance was measured at 620 nm on a plate reader. The concentration of H 2 O 2 was determined from a standard curve prepared in parallel. H 2 O 2 production is expressed as percentage of control (15) .
Superoxide anion production
Superoxide anion production was estimated by the reduction of nitroblue tetrazolium (NBT) assay. Peritoneal macrophage or blood neutrophil suspensions (0.1 mL) were added to the wells of a 96-well flat-bottomed tissue culture plate (10 5 cells/well) and left to adhere for 60 min. Plates were washed twice with PBS to remove non-adherent cells. Peritoneal macrophages or blood neutrophils (0.45 mL) suspended in PBS were incubated for 1 h at 37°C in the presence of 0.1% NBT. The reaction was stopped by adding 0.45 ml of acetic acid. Then, the mixture was centrifuged for 30 s at 2,500 g. Reduction of NBT results in the formation of blue formazan, which was detected spectrophotometrically at 560 nm (15) . The results are expressed as percentage of control.
Lymphocyte proliferation
Lymphocytes from gut-associated lymphoid tissues were isolated and cultured at 37°C in an O 2 :CO 2 (19:1) atmosphere in 96-well culture plates at a density of 2 x 10 5 cells/well and a total culture volume of 200 µL in RPMI buffer supplemented with 2 mM of glutamine, 10% fetal bovine serum, 0.1% antibiotics (streptomycin and penicillin) and 5 µg/mL of concanavalin A (Con-A). After 48 h of culture, 20 µL of [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] C]-thymidine was added to each well (0.01 µCi/well), and cells were incubated for another 18 h. Cells were then harvested onto glass fiber disks (Cox Scientific, Kettering, England) and washed in a Skatron Cell Harvester (Skatron Instruments AS, Lierbeyen, Norway). Radioactive thymidine incorporation into DNA was determined by liquid scintillation counting in a Beckman LS 6000IC scintillation counter (16) . The results were expressed as index of proliferation, which was calculated as the ratio between the mean with stimulus (Con-A) and without stimulus.
Statistical analysis
The Shapiro-Wilk test was used to verify data normality per group, and the Levene test was used to analyze the homogeneity between group variances. Parametric statistics were employed for biochemical and immune parameters. Changes in body mass during six experimental weeks (pre-vs. post-training) were analyzed using Mann-Whitney test. Statistical analysis was performed by two-way analysis of variance using exercise and diabetes as independent factors. Post-hoc tests were Tukey's test corrected for multiple comparisons, and data were analyzed using the Graph Pad Prisma software, version 5.0. The results are presented as mean ± SEM or mean and confidence interval (CI). A value of p < 0.05 indicates statistical significance.
RESULTS
Total body mass
Body mass (Table 1) from SE, IT, and DIT groups increased significantly after 6 weeks (23.2, 16.2, and 4.7%, respectively, p < 0.01). On the other hand, the diabetic state reduced significantly the increase of body mass by 3.8% when compared to non-diabetic rats (p < 0.0001).
Blood biochemical parameters
Interval training did not modify the fasting glycemia ( Data are expressed as mean ± CI (confidence interval). * P < 0.01 compared with the group's pre-training body mass; a P < 0.0001 compared with the SE group; b P < 0.0001 compared with the DSE group. glycemic state in the DIT group when compared with the non-trained group (p < 0.0001). Nevertheless, glycemia of the DIT group rats was higher than the IT group (p < 0.0001). Triaclylglycerol serum levels were 1.4-fold lower in the IT group than in SE group (p < 0.0001). Diabetic rats showed higher triacylglycerolemia (~2.0-fold) than the SE group (p < 0.0001). Interestingly, interval training caused a significant reduction (1.7-fold) in the triacylglycerolemia of diabetic rats (DIT), compared with sedentary diabetic rats (p < 0.0001) and reaching values similar to SE group. Animals submitted to interval training also reduced total serum cholesterol (CO) levels when compared with sedentary rats (p < 0.0001). Diabetic rats submitted to interval training decreased CO levels when compared with diabetic sedentary rats (p < 0.0001), reaching levels similar to the IT group. Immune parameters from polymorphonuclear cells.
Phagocytic capacity, cationic vesicle content, and superoxide anion and hydrogen peroxide production by neutrophils were assayed in all experimental groups. After 6 weeks of interval training the phagocytic capacity of both the IT and SE group were the same (102.7 ± 4.96% and 100 ± 5.21%, respectively, p > 0.05). Diabetic condition increased the phagocytic capacity by 94% when compared with SE (p < 0.0001) ( Table  3) . After the diabetic rats (DIT) finished the interval training, the phagocytic capacity did not change when compared with the DSE group (p > 0.05), but it was still 80% higher when compared with the IT group (p < 0.0001) ( Table 3) .
There was no difference in cationic vesicle content between SE and IT groups (100 ± 2.56% and 95.10 ± 10.78%, respectively, p > 0.05). The diabetic state induced a 1.4-fold increment in the cationic vesicle content compared with the SE group (p < 0.0001). The interval training protocol reduced the cationic vesicle content by 58% in the diabetic rats when compared with the sedentary diabetic ones (p < 0.0001). There was no difference in this variable between the other groups (p > 0.05) ( Table 3) . Table 3 . Blood neuthrophil phagocytic capacity, cationic vesicle content, superoxide anion, and hydrogen peroxide production in sedentary rats (SED), interval training (IT), sedentary diabetic (DSE), and interval training diabetic (DIT) rats 169.4 ± 14.6 127.9 ± 7.8
Data are expressed as mean ± SEM. a P < 0.0002 compared with the SE group; b P < 0.0001 compared with the DSE group.
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Interval training increased superoxide anion production by 59% in the IT compared with the SE group (p < 0.0002). Diabetic state increased superoxide anion production by 69% in the DSE compared with the SE group (p < 0.0001), and when diabetic rats finished the exercise, superoxide anion production by blood neutrophils was not modified compared with the DSE group (p > 0.05). Between the IT and the DIT group, there was no difference in the production of this reactive oxygen species (p > 0.05) ( Table 3) .
Interval training did not modify hydrogen peroxide production in the non-diabetic group compared with SE (p > 0.05). Diabetic condition increased the hydrogen peroxide production by 31% compared with the SE group (p < 0.0001), and when diabetic rats finished the interval training, production was not different (p > 0.05). There was no difference between IT and DIT groups, either (p > 0.05) ( Table 3) .
Phagocytic capacity, cationic vesicle content, and superoxide anion and hydrogen peroxide production by peritoneal macrophages are shown in the Table  4 . After 6 weeks of interval training 4 times a week, phagocytosis by peritoneal macrophages increased 3.8-fold in the IT group when compared with sedentary rats (SE) (p < 0.0001). Diabetic rats without training (DSE) increased phagocytosis by 2.7-fold when compared with the SE group (p < 0.0001). Diabetic rats submitted to interval training (DIT) increased phagocytosis by 1.6-fold when compared with diabetic rats (DIT vs. DSE, p < 0.0001). Phagocytosis by peritoneal macrophages was not different in the IT and DIT group (p > 0.05) ( Table 4) .
Interval training group (IT) increased cationic vesicle content 94% when compared with the SE group (p < 0.0001). Diabetic condition (DSE) also increased the cationic vesicle content by 91% when compared with the SE group (p < 0.0001). When diabetic rats finished the interval training (DIT), cationic vesicle content did not change (p > 0.05) ( Table 4 ).
The IT group increased superoxide anion production slightly when compared with the SE group (p < 0.05). The diabetic state (DSE) also led to a slight increase in superoxide anion production when compared with SE (p < 0.05). Superoxide anion production was not different between the DSE and DIT groups (p < 0.05) ( Table 4) .
Hydrogen peroxide production increased 7.3% when compared with the SE group (p < 0.0002) after 6 weeks of interval training (IT). Diabetes (DSE) increased hydrogen peroxide production by 6.9% when compared with the SE group (p < 0.0002). The interval training did not alter hydrogen peroxide production of the DIT compared with the DSE group (p > 0.05) ( Table 4) .
Lymphocyte proliferation
The proliferation index of gut-associated lymphocytes from the SE group was 6.25 ± 0.54. Interval training did not modify proliferation index in the non-diabetic group, compared with SE (p > 0.05). There was no change in the proliferation index in diabetes state when compared with sedentary animals (p > 0.05). Diabetic rats trained for six weeks (DIT) had a twofold increase in the proliferation index compared with the DSE group (p < 0.0001). Between the IT and DIT groups, there was also significant difference in the proliferation index (4.30 ± 0.73 vs. 13.11 ± 1.77, respectively, p < 0.05) (Figure 1 ).
DISCUSSION
In the last decades, several new methodologies of physical training were design to improve physical performance or promote health. The benefits of interval training aroused the interest of health professionals because the volume of exercise is substantially lower when compared with traditional aerobic training. Another important factor is that there is no consensus regarding the nature of the exercise and particularly the relationship between volume and intensity prescription in order to achieve positive adaptations for different diseases (17) . Table 4 . Peritoneal macrophage phagocytic capacity, cationic vesicle content, superoxide anion, hydrogen peroxide production, and adhesion obtained from sedentary rats (SED), interval training (IT), sedentary diabetic (DSE), interval training diabetic (DIT) rats All levels of exercise can be performed by people with type 1 DM, provided complications are not present and patients have good glycemic control (18) . It is essential to adjust the treatment (insulin, diet and exercise) to avoid hypoglycemia during exercise or many hours after exercise. Interval training is classified as high intensity exercise and energy expenditure is also high. Thus, metabolic control before exercise, blood glucose before and after exercise, and food intake must be controlled and adapted.
Our results in this STZ-induced diabetes model showed body mass loss, and the training protocol did not alter body mass reduction caused by the diabetic state (Table 1) . It has been demonstrated that rats treated with STZ to induce type 1 DM possess a compromised ability for normal skeletal muscle growth and impaired body weight gain (19, 20) . Krause and cols. (21) showed in their research that eight weeks of diabetes streptozotocin-treated rats (120 mg/kg) resulted in significantly less body mass, less absolute muscle mass, and less epididymal fat mass compared with control rats.
The IT reduced the hyperglycemia in diabetic rats by 21% compared with the DSE group ( Table 2) . This positive change in glycemic level might be explained by the modulation in different intracellular skeletal muscle signaling pathways, such as increase of GLUT-4 expression, which improves glucose uptake by insulinindependent pathways (22) .
The IT protocol applied in this study, 30-s exercise with 30-s rest, reduced plasma cholesterol and triacylglycerol levels in animals from IT and DIT group compared with their controls (Table 2 ). The improvement in muscle metabolism and attenuation of hyperglycemia with interval training may have been responsible for reductions in these parameters. Another possible mechanism involved in the reduction of plasma cholesterol and triacylglycerol blood levels by exercise is the contribution of the increased aerobic metabolism (23) . The sum of stimuli, in which the recovery interval is insufficient to complete the resynthesis of creatine phosphate, enhances the contribution of aerobic metabolism and the use of lipids as energy source for exercise performance (6) .
Neutrophils constitute the first line of defense against bacterial and fungal infections. Several studies have shown impairment of neutrophil function, a disorder that contributes to the high incidence of infections in diabetes (24) . Interestingly, in our study, the functionality of neutrophils of DSE and DIT groups improved significantly (Table 3) . Conflicting results have been reported about the production of H 2 O 2 by neutrophils in diabetes. In unstimulated neutrophils from diabetic patients, no significant effect on H 2 O 2 production was found (25, 26) . Conversely, Zozulinska and cols. (27) encountered an increment in H 2 O 2 production in diabetic patients. Among many possible factors responsible for the stimulation of functionality of neutrophils in diabetic rats, hyperglycemia seems to be the most important. It seems that the increased plasma glucose level may activate neutrophils by influencing intracellular carbohydrate metabolism. Wierusz--Wysocka and cols. (28) evaluated the functionality of neutrophils in fifteen patients with insulin-dependent diabetes mellitus and found increased superoxide onion production compared with the control group, corroborating our data.
Another important result of our study is that interval training did not alter the function of neutrophils. Some studies have shown that relatively short periods of intense training (1 to 3 weeks), may reduce the function of neutrophils (29, 30) . The training protocol proposed in this study was characterized as predominantly anaerobic and high intensity. However, the IT and DIT groups did not alter the function of neutrophils compared to their respective controls, SE and DSE groups ( Table 2) . We infer that the divergence between our results and the previous reported studies may be related to the low volume of exercise characteristic of the training protocol applied by us. Interestingly, the interval training significantly improved functionality of peritoneal macrophages from IT compared with SE group (Table 4) . Many studies have shown that moderate intensity exercises (> 65% VO 2max. ) have a positive effect in macrophage function and that high-intensity exercise, held for long periods of time can negatively alter the function of such cells (31) (32) (33) . Although recent studies have demonstrated that anaerobic exercise can improve immune function (34) , there are still little information about type, intensity, duration, and recovery period of anaerobic exercise training program. To our knowledge, our study is the first to report the effects of chronic interval training on functionality of macrophages. As mentioned about neutrophils, the low training volume might be related to the absence of negative effects in the functions of the analyzed macrophages as well.
Our results also showed that functionality of peritoneal macrophages from the DSE and DIT group was increased ( Table 4) . As mentioned about neutrophils, hyperglycemia seems to be the most important factor to induce changes in the functionality of peritoneal macrophages.
The IT protocol applied in this study did not modify the lymphocyte proliferation index of trained rats (IT) when compared with non-trained ones (SE) (Figure 1 ). Our data corroborate findings of the literature that show that once immunity is acquired, it is not improved by physical activity. Longitudinal studies show that in the true resting state (i.e. more than 24h of the last training session) the number of circulating lymphocyte and lymphocyte functions are similar in athletes and non-athletes (31) .
It is believed that diabetics, especially those with poor control of disease, show deficiencies related to cell-mediated immunity. Therefore, there is less proliferative capacity of T lymphocytes in diabetics, but this suppression is not clearly understood and the results are inexpressive because of the complex interrelationships involved in cell-mediated immune response (35) . Otto and cols. (36) discovered that the proliferation capacity of lymphocytes, in response to the mitogen concanavalin A (Con A) and lipopolysaccharide (LPS), decreased in diabetics rats compared with the control group. On the other hand, Miranda and cols. (37) showed that the proliferation of lymphocytes, in response to the mitogen concanavalin A (Con A), increased in diabetics rats compared with the non-diabetic control animals. In our study, the proliferation index of gut-associated lymphocytes from DSE compared with the SE group did not change. This difference in our study, compared with other studies, can be explained by distinctions between models of diabetes induction, periods of analysis, and their own technical assessment of proliferation.
Our research showed that the DIT group showed a twofold increased proliferation index compared with the DSE group (Figure 1) . The diabetic condition of hyperglycemia can generate a pro-inflammatory environment that initially may contribute to activation of some cells, and chronically, can be cytotoxic and reduce functionality of immune cells, increasing susceptibility to infections. Therefore, the intensification of glycemic control will be able to improve the immune cells function in patients with type 1 DM. Our protocol of interval training increased lymphocyte proliferation of DIT group, and this positive change in glycemic level with exercise might be a feature important for the functionality of immune system cells in the diabetic condition. Our study is the first to report the positive effects of high intensity and low volume exercise on acquired immune system in the type 1 DM.
In summary, our data show that STZ-induced diabetes model resulted in increased functionality of blood neutrophils and peritoneal macrophages in the DSE group. Interval training attenuates hyperglycemia induced by type 1 diabetes, improves the lipid profile and induces changes in the functionality of the innate and acquired immunity. Another important feature of our study was the presentation of evidence revealing that low-volume high-intensity physical exercise is not prejudicial to immune cells functionality. The exploration of the variables intensity, duration, and recovery period may be an important additional strategy to achieve results with diabetic humans.
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